The design of the RHIC injection systems anticipated the possibility of filling and operating the rings with a 120 bunch pattern, corresponding. to 1 IO bunches after allowing for the abort gap. Beam measurements during the 2002 mn confirmed the possibility, although at the expense of severe transverse emittance growth and thus not on an operational basis. An improvement progiam was initiated with the goal of reducing the kicker rise time from 1 I O to -95 ns and of minimizing pulse timing jitter and drift. The major components of the injection system are 4 kicker magnets and Blumlein pulsers using thyratron switches. The kicker terminating resistor and operating voltage was increased to reduce the rise time. Timing has been stabilized by using commercial trigger units and extremely stable dc supplies for the thyratron reservoir. A fiber optical connection between control room and the thyratron trigger unit has been provided, thereby allowing the operator to adjust timing individually for each kicker unit. The changes were successfully implemented for use in the RHIC operation.
INTRODUCTION
Beam injection into the RHIC is done vertically by means of four kicker systems per ring, each consisting of a magnet connected to a Blumlein pulser using thyratron switches Using a conceptual SLAC design [5] , the first version of the magnet was build with a "C" cross section formed of interspersed ferrite and high-dielectric constant bricks [6] . The kicker operates in air and thus requires a ceramic beam tube with the dimensions of 47.6 mm 0.d. and 41.3 mm i.d., presenting the smallest apemre at injection. Voltage breakdown in the dielectric loaded kickers suggested their replacement by the present all-femte magnets [7] .
Beam transfer from the AGS into RHIC is done in hoxcar fashion. The bunches created in the AGS are transferred individually in order to form a nominal 60-bunch pattern to yield collisions at the six interaction points, implying 55 x 55 bunches after allowing for the dump gap. The revolution frequency in RHIC is 78.196 kHz and the W harmonic of the acceleration system is G r k performed under conll~d DE-AC02-98CH14886 for fhc U. S.
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of Energy "hahoh@bnl.gov 360, so that every sixth bucket can be filled. The bunch spacing is 213 ns and the bunch length at transfer is 20 ns, thus requiring an injection kicker rise time of 190 ns, well within the capabilities of the injection system. Increasing the luminosity by doubling the bunch pattern to 120 corresponding to llOx 110 injected bunches was part of the original design but requires a kicker system rise time of better than 95 ns [8] . Beam based measurements of the dielectric-loaded kickers showed a rise time clearly below this value [9] , whereas the operational all-ferrite magnets during the 2002 run had a -110 ns rise time [7] . Injection of 110 bunches was possible although with severe transverse emittance growth. Based on this experience, a system rise time of 95 ns without timing jitter or drift became the goal of the up-grade program discussed in the present paper.
SYSTEM UPGRADES
The original concept of the injection system with a transmission line kicker magnet is in principle capable of satisfying these requirements. However voltage breakdown problems forced the mismatched termination of the kicker magnet. Nevertheless, the following hardware modifications achieved 110 bunch operation in the 2003 run:
-the injection kicker magnets are terminated with 25 R instead of the previous 16 R, thereby raising the operating voltage from 31 to -38 kV.
-the home-grown thyratron nigger system consisting of a DC power supply and two hard tube trigger units are replaced by a commercial solid state trigger unit. The new unit eliminates the sensitivity to ac power fluctuations and reduces the short term pulse jitter to -3 ns peak-to-peak.
-the thyratron reservoir ac supply is replaced by a dc power supply, highly regulated to better than 0.01 V, thereby minimizing drift.
-a fiber optical connection between control station and the thyratron trigger unit allows the operator to adjust slow drifts due to temperature changes affecting the system immediately before injection.
ALL-FERRITE KICKER MAGNET
In the conversion of the dielectric-loaded into the allfemte magnet the ceramic bricks were replaced by ferrite, but in order to minimize the cos!, the overall geometry and in particular the magnet frame was retained [7] . The magnet length is 1.12 m and the core cross section is shown inFig.1.
It is not obvious that the converted all-ferrite magnet would retain transmission line characteristics rather than adopt those ,of a lumped magnet. However, a direct measurement of the magnetic field confirmed the transmission line properties. The time dependent magnetic field of the all-ferrite kicker was measured using the Faraday effect (1846), which describes the phenomenon that the polarization of a light beam traversing a crystal is changed by an applied magnetic field. In the present setup, a green Ar laser light was used together with an artificially grown TGG crystal which has a large Verdet constant. 
Reservoir Voltage Power Supply
The reservoir voltage is the most critical parameter in the quest for trigger stahility, both jitter and drift. The dependence of current timing on the dc reservoir voltage is shown in Fig. 4 . The data sheet recommends that the reservoir voltage he stahilized to* 0.05 V, which according to our measurements corresponds to typically t 3 ns. New DC power supplies ( 
Anode Curreni Rise Erne
The thyratron data sheet gives a nominal rate of rise of anode current of better than 150 A h hut the actual value depends on the external circuit. The rate of rise in the Blumleiu pulser as measured by the magnetic field in Fig.  2 is -38 Alns at operating conditions. However, the full rate of current rise is only reached after the anode delay time, defined as 0 to 25 %, which is typically -100 ns. Allowing a 2% of full current delay adds -65 ns to the time between the G2 trigger and hunch arrival. Since predictable, the effective pulse rise time is not affective by these delays. Simultaneous triggering of the four pulsers takes advantage of these delays and minimizes the overall kicker rise time.
Fiberoptic Controls
To accommodate the individual turn-on delays and time drift of the four thyratrons the bunch synchronized bigger drives a Stanford Research Systems DG535 4 channel delay generator with each channel remotely variable to 5ps resolution through an IEEE buss controller. -Each of the 4 output channels is connected to an Agilent 1404 tiheroptic transmitter and then through a 30M light cable to the E2V MA2709A trigger unit input. This system was found to contribute <I ns jitter to the system.
BEAM BASED MEASUREMENTS
The 
